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Broad-scale, intuitively derived vegetation maps and classifications are used for a

variety ofpurposes including evaluation ofrepresentativeness and determination of priori-

ties in conservation planning. Such uses assume that stands ofvegetation ascribed to partic-

ular units of classification or map share characteristics (e.g. composition, structure) that

differentiate them from stands ascribed to other units. To test this, moorland vegetation

was compared at two widely separated locations that have been included within one vegeta-

tion unit by several authors. Vegetation at the two locations had similar structure and simi-

lar compositional gradients, though some statistically significant differences were
demonstrated. There were major differences in floristic composition and richness, overall

habitat characteristics and the responses of individual species to a soil gradient. For exam-
ple, there were more species in common between moorland and woodland in the same
area than between moorlands at different locations. The results highlight the limitations of

using broad-scale, intuitively defined units of mapping and classification for conservation

planning. Alternative approaches include regional partitioning of units or description of

vegetation at finer scales, depending on the nature ofheterogeneity within units.
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Introduction

In recent decades vegetation has been classified and mapped over large parts of the

world's land surface (e.g. Kuchler, 1964; Sochava and Lukicheva, 1964; Carnahan, 1976;

White, 1983) . Australian examples that cover broad areas at small scales include the work
of Beard and Webb (1974), Specht et al. (1974), Carnahan (1976), Beadle (1981),

Kirkpatrick and Dickinson (1983), Baur (1988), Resource Assessment Commission
(1992) and Pickard (1994). Units of classification and mapping are defined in terms of

physiognomy, structure, floristics of the dominant stratum and/or environmental fea-

tures, usually intuitively or according to some pre-determined framework.

These maps and classifications are used extensively in resource economics, land-

scape geography, comparative ecology and conservation planning. An important assump-

tion that underpins such uses is that the units of classification and mapping delineate

stands of vegetation which share features in common that distinguish them from stands

ascribed to other units. In conservation planning, for example, a vegetation map is

expected to identify areas with similar habitat characteristics, structure and species com-
position, from which a representative sample may be selected for reservation (Austin and
Margules, 1986). How reliably do small-scale maps and classifications fulfil this need?

There is insufficient knowledge of the variability within units of classification and map-
ping to understand the limitations of these widely used tools.

Another aspect of variability within units of classification and mapping concerns
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62 SIMILARITYOF SEPARATED MOORLAND VEGETATION

genetic variation and the role of species within ecosystems. Genetic and ecosystem com-
ponents of biodiversity are poorly understood, relative to species diversity, even though
their significance for conservation is now widely accepted (WRI, IUCN and UNEP, 1992)

.

Comparative studies of vegetation can elucidate patterns in these components of bio-

diversity indirectly, as illustrated by Hutchinson's (1959) notion of the realised niche.

Niche differentiation between populations of the same species at separate locations may
represent variability derived from genetic or ecosystem components of diversity. An
understanding of such patterns will contribute to the assessment of maps and classifica-

tions for conservation planning.

Very few studies have examined properties ofmap units at local and regional scales

(e.g. Burgman, 1988; Pressey and Bedward, 1991). Similarly, few studies have addressed

the occurrence of species in relation to interactions between their responses to different

environmental factors (e.g. Austin et al. 1983). Quantitative comparisons of vegetation

units and their component species between areas separated by large distances are appar-

ently non-existent. In this paper, the following characteristics of moorland vegetation

were compared at two widely separated locations in south-eastern Australia: ( 1 ) overall

floristic composition; (2) vegetation structure and species richness; (3) overall character-

istics of the habitat (climate, landscape and soils); (4) variation in floristic composition in

relation to local environmental gradients; and (5) gradient responses of species common
to both locations.

Methods

Study Areas

Moorland is a very distinctive type of treeless vegetation found in waterlogged soils

at low to moderate elevation from south-east Queensland to southern Tasmania. In the

Bulli area, south of Sydney (34°14'S 150°54'E, Fig. 1) moorland occurs on a Hawkesbury
Sandstone plateau, 300-400 m above sea level. Vegetation of the area was described by

Davis (1941), Keith and Myerscough (1993) and Keith (1994a). In the Melaleuca area

(also known as New Harbour district) in south-west Tasmania (43° 26'S 146°09'E, Fig. 1)

,

moorland occurs on a peneplain and surrounding quartzite hills, from sea level to well

over 400 m. Vegetation was described by Davis (1940) and Keith and Pellow (1989). A sim-

ilar area of moorland was sampled at each location (3400ha at Bulli, 3100ha at

Melaleuca)

.

Similarities between these moorlands were first described by Davis (1940, 1941).

Recognising a conspicuous dominant at both locations, Davis described each moorland as

a Gymnoschoenus sphaerocephalus community. This view was subsequently taken up by

Specht et al. (1974) who listed alliances dominated by G. sphaerocephalus for the central

coast ofN.S.W. and south-west Tasmania, and by Beadle (1981) who considered two inter-

grading alliances, one dominated by G. sphaerocephalus and the other dominated by

Calorophus minor (=Empodisma minus) and Leptocarpus tenax. Carnahan (1976) mapped the

area around Melaleuca as gG3, a tussock grassland dominated by Cyperaceae, and it is

likely that he would have classified the moorlands at Bulli similarly, but these cover areas

too small to map at 1 :6,000,000 scale.

While each of these authors clearly recognized geographic variation within their

respective units of classification, they emphasised similarities in structure, floristics and
environment over the broad distributional range of the units. Describing the Bulli moor-
lands Davis (1941) wrote, "The community is exactly similar to the extensive Button-grass

Plains of Tasmania [Melaleuca]... The structure is identical, and the most prominent
species (G. sphaerocephalus) is common to both. Many of the subsidiary species are com-
mon to both expressions of the community, though the Tasmanian development is, as
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Fig. 1. Map of south-eastern Australia showing location of Bulli and Melaleuca study areas and the distribution of

moorland vegetation.
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64 SIMILARITYOF SEPARATED MOORLAND VEGETATION

would be expected, richer florisitically, than the present example [Bulli] being extra-

limital."

Data collection

Vascular plant taxa were scored as present or absent in contiguous 0.5 x 0.5 m
quadrats along 30 m transects. The abundance of each taxon at each transect was
expressed as the proportion of quadrats occupied. The location of the 60 transects

recorded at Bulli was stratified according to 7 classes based on soil drainage and vegeta-

tion structure (Keith and Myerscough, 1993). Due to time constraints, only 30 transects

were recorded at Melaleuca, their location stratified by classes based on soil drainage and
topography (Keith and Pellow, 1990).

The height and cover of shrub and herbaceous strata were estimated at 5-metre

intervals along each transect and mean values were calculated for each transect. Ten soil

cores, 2 cm diameter x 7 cm depth, were sampled at regular intervals along transects and
homogenised. Soils were analysed for pH, organic matter content (loss on ignition),

exchangeable Na, K, Ca, Mg and Al, and total (acid soluble) P.

Mean monthly minimum and maximum temperature data and mean monthly rain-

fall data were obtained from the Australian Bureau of Meteorology for stations in each

study area (Melaleuca and Maddens Plains). No temperature data were available within

the Bulli study area, so data were obtained for a station at Lucas Heights (150 m eleva-

tion) , 22 km to the north.

Data Analysis

Overallfloristic composition

Similarity in overall floristic composition was examined by simple tabulation and
ordination. Taxa were assigned to one of the following groups: represented only at Bulli;

only at Melaleuca; or common to both localities. The proportion ofmoorland taxa at Bulli

also represented in moorland at Melaleuca was compared with the proportion represent-

ed in a nearby woodland community at Bulli (Keith 1994a) using the z test (Snedecorand
Cochran 1963) . An ordination was carried out on the transect data from both locations.

An association matrix was calculated from the combined data matrix using the Kulzcynski

coefficient (Faith et al., 1987) . Configurations were fitted in 2, 3 and 4 dimensions using a

global non-metric multidimensional scaling algorithm (Minchin 1990) according to the

procedure described by Keith ( 1 994a)

.

Vegetation structure and species richness

To provide a framework for comparison of vegetation structure and species rich-

ness, separate classifications were performed on floristic data from each location. An
unweighted pair-group arithmetic averaging (UPGMA) clustering procedure was applied
to association matrices calculated using the Kulzcynski coefficient (Belbin, 1986).

Floristic groups were defined in each dendrogram using the procedure described by

Keith and Myerscough (1993). Each floristic group was characterised by its topographic

position in the landscape: along drainage lines; on lower slopes and seepage zones; or on
drier upper slopes. Floristic groups were defined as analogous between the two locations

if they occupied the same topographic position. Mean height and cover of shrub and
herbaceous strata and mean species richness for 1 5 m* were compared between analogous

floristic groups using t tests (Snedecorand Cochran, 1963).

Habitat characteristics

Climatic variables were compared between locations graphically. Landscapes were
compared by examination of aerial photographs to determine the proportion ofarea and
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types oflandform occupied by moorland at each location. Soils were compared by tabulat-

ing the total ranges of soil variables at each location.

Environmental Gradients

To examine the relationship between floristic composition and local gradients in

soil properties, ordinations were derived for each of the two locations. Ordinations were
performed on floristic data using the Kulzcynski coefficient and multidimensional scal-

ing, as previously described. Vectors for each soil variable were fitted to floristic ordina-

tions using a least squares method and a Monte-Carlo procedure to test the significance of

correlations (Minchin 1990).

Gradient Responses

Gradient responses were compared between locations in a set of 13 species that

were abundant at both locations. Five classes of soil phosphorus content, containing

roughly equal numbers of samples at each location were defined: <90; 91-139; 140-185;

186-250; and >250 ppm. Differences in species' response to the phosphorus gradient

between the two localities were tested using an analysis of deviance by fitting logit-linear

models, assuming a binomial error distribution (McCullagh and Nelder 1983). Models
were of the form |i = Bq + Bj.P + B2.L + B3(P.L) , where ]l is the proportion of quadrats in a

transect occupied by the species, 6q is the binomial error term, with the number of

quadrats per transect as its denominator, P is the soil phosphorus class (1-5), L is the

location (Bulli or Melaleuca), P.L is the interaction term and Bi, Bq and Bg are co-

efficients for P, L and P.L, respectively. Differences in gradient response were tested using

a stepwise modelling procedure. First the null model was fitted, then the full model was

added, then the interaction term was eliminated from the full model. The statistical

significance of the change in deviance associated with elimination of the interaction term

was assessed in relation to the chi-squared distribution (McCullagh and Nelder, 1983)

.

Results

Overallfloristic composition

At the species level, only 12% of the combined moorland flora was common to both

regions (Table 1 ) . However, floristic differences diminish at higher taxonomic levels, with

36% of genera and 62% of families held in common. Shared taxa were spread evenly

amongst growth forms, except that ferns are proportionately more represented. Taxa not

represented in both floras fall into several categories: (i) local endemics (e.g. Isophysis

tasmanica at Melaleuca, Pultenaea aristata at Bulli); (ii) relatively widespread taxa whose
range does not extend to one of the localities (e.g. Leptospermum scoparium at Melaleuca,

Banksia robur at Bulli)
;

(iii) taxa represented in both localities, but only in moorland
habitats at one (e.g. Banksia marginata and Bauera rubioides in moorland at Melaleuca, but

only in woodland at Bulli); and (iv) itinerant taxa from adjacent habitats (e.g.

Anodopetalum biglandulosumcommon in adjacent rainforest at Melaleuca, Acacia terminalis

common in adjacent woodland at Bulli)

.

Of 167 vascular taxa present in the Bulli moorlands, 55 (33%) were recorded in a

nearby woodland community (Sandstone Woodland of Keith 1994a), compared with 29

(17%) recorded in Melaleuca moorlands, a significantly different proportion (z=3.31,

P<0.01).

Stress values for ordinations in 2, 3 and 4 dimensions were 0.1238, 0.0883 and
0.0761, respectively. Inspection of scatter plots indicated that the configuration of points

on the first two axes was similar in all ordinations. Therefore the results of the 2-dimen-

sional ordination were presented. Separation of samples along the first ordination axis

shows that major differences in florisitic composition were related to geographic separa-
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tion of the two locations (Fig. 2). However, in each of the two clusters there is a parallel

arrangement of samples along the second axes, suggesting a common environmental

trend in floristics.

Table 1:

Moorlandfloras ofBulli (NSW) and Melaleuca (Tas).

Taxon Both
Regions

Melaleuca
Only

Bulli

Only
Total

Species

Genus

Family

29(12%)

46(36%)

33(62%)

74(31%)

27(21%)

7(13%)

138(57%)

54(43%)

13(25%)

241

127

53

Vegetation structure and species richness

The cluster analyses allowed recognition of 5 floristic groups at Bulli (after Keith

and Myerscough 1993): Ti-tree Thicket (TT); Cyperoid Heath (CH); Sedgeland (SL);

Restioid Heath (RH) ; and Banksia Thicket (BT) , and 4 groups at Melaleuca (nomencla-

ture followsJarman et al. 1988) : Creek Copse (CC) ; Layered Blanket Moor (LB) ; Standard

Peat (SP); and Alkaline Pan (AP). Fig. 3 shows floristic relationships among groups at

each locality. TT and CC were considered analogous because both were thicket occurring

along drainage lines. CH and LB were considered analogous because both were dense
heath occurring in seepage zones. SL, RH and SP were considered analogous because all

were open sedgeland-heath occurring on drier slopes. BT, a thicket on drier slopes at
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Fig. 2. Ordination based on floristic composition of 60 samples from Bulli (open squares) and 30 samples from
Melaleuca (closed circles).
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Fig. 3. Dendrograms showing relationships between floristic groups based on separate analyses of data from each

of Bulli and Melaleuca. S, se and n give the mean species richness per 15 m2
, standard error and number of

samples for respective floristic groups.

Bulli had no analogue at Melaleuca. AP, a heath community on flats subject to occasional

tidal flooding at Melaleuca had no analogue at Bulli.

All floristic groups at Bulli were significantly richer in species at 15 m2 scale than

their analogues at Melaleuca (Fig. 3, P<0.001). Thickets along drainage lines had a taller

and denser shrub stratum at Melaleuca (CC) than at Bulli (TT) , and their ground stratum

was denser at Bulli, but not different in height (Fig 4). At Bulli, dense heath in seepage

zones had slightly less shrub cover and a slightly taller ground stratum than at Melaleuca,

but otherwise there were no differences (Fig. 5). The structure of open sedgeland-heath

on drier slopes at both locations was also similar. Both strata were slightly taller at Bulli

than at Melaleuca, while cover did not differ, except that ground cover was greater in

Restioid Heath than in Standard Peat (Fig. 6)

.

Habitat Characteristics

Mean monthly temperatures were 3-7°C greater at Lucas Heights (cf. Bulli) than at

Melaleuca (Fig. 7) . The greatest differences in temperatures occurred in summer. Mean
annual rainfall is almost 700mm greater at Melaleuca than at Maddens Plains (Bulli) (Fig.

8) . At Melaleuca, maximum rainfall occurs in winter months, while Maddens Plains expe-

riences peak rainfall in summer.
At Bulli, moorlands occupied approximately 15% of the landscape, the remainder

being occupied by dry sclerophyll woodland and forest. Moorlands at Bulli were restricted

to gently sloping headwater valleys, the interfluves and steeper gullies were invariably

occupied by woodland and forest respectively. At Melaleuca, moorlands occupied

approximately 85% of the landscape, the remainder being occupied by wet sclerophyll

forest and rainforest. Moorland at Melaleuca was widespread on flats, steep slopes and
summits, while forest was restricted to the most sheltered sites.

Site 19 at Melaleuca (Alkaline Pan) was excluded from soil comparisons because

tidal influence resulted in extreme values of some soil constituents, particularly

exchangeable Na. Soil pH was similar at Melaleuca and Bulli, though soils were slightly

less acidic at Bulli (Table 2). Moorland soil contained more organic matter at Melaleuca

than at Bulli, though values overlap (Table 2) . Levels of total soil phosphorus were similar

at the two locations, but varied over a wider range at Melaleuca than at Bulli (Table 2)

.

Exchangeable cations were, overall, more abundant in Melaleuca soils, however differ-

ences varied between cations. Levels of exchangeable Ca and Mg were much higher at

Melaleuca than Bulli, while exchangeable Na and K were slightly higher. Levels of
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exchangeable aluminium were much higher at Bulli than at Melaleuca (Table 2)

.

Table 2:

Variation in soilproperties ofmoorland soils at Bulli (NSW) and Melaleuca (Tas). Exchangeable cations in milliequivalents

per 100g air-dried soil. Organic matter is % air-dry mass. Totalphosphorus isppm acid-solublephosphorus in air-dried soil.

Bulli Melaleuca

Soil Property

pH
Exchangeable Na

Exchangeable K
Exchangeable Ca

Exchangeable Mg
Exchangeable Al

Total Exch. Cations

Organic matter

Total P

3.4-4.1

0.04-1.41

0.10-0.75

0.10-1.50

0.10-2.20

0.04-6.00

0.38-12.46

0.2-43.6

60-290

3.1-3.8

0.36-2.47

0.13-1.24

0.10-5.70

1.40-12.70

0.04-0.90

2.44-21.51

10.2-69.1

20-350

Table 3:

Correlations betweenfloristic ordination vectors and soilproperties at Bulli (NSW) and Melaleuca (Tas).

Bulli Melaleuca

Soil Property n R P n R P

pH 18 .3642 .741 29 .6153 .028*

Exchangeable Na 18 .8395 .002** 29 .7218 .002**

Exchangeable K 18 .7894 .004** 29 .7048 .006**

Exchangeable Ca 18 .6895 .048* 29 .7400 .004**

Exchangeable Mg 18 .8252 .004** 29 .7391 .002**

Exchangeable Al 18 .9515 .000*** 29 .7615 .000***

Total cations 18 .9198 .000*** 29 .7528 .000***

Organic matter 18 .9140 .000*** 29 .5811 .026*

Total P 18 .9133 .000*** 29 .6023 .026*

Environmental Gradients

For the Bulli floristic data, stress values for ordinations in 2, 3 and 4 dimensionswere

0.1453, 0.1026 and 0.0821, respectively, while for the Melaleuca data they were 0.1229,

0.0845 and 0.0568, respectively. Correlations for vectors fitted in 4 dimensions are shown
in Table 3, those for vectors fitted in 3 dimensions were similar. At both locations total

exchangeable cations and exchangeable Al were highly correlated with floristic composi-

tion and there were strong correlations with exchangeable Na, K and Mg. Correlations

between floristic composition and exchangeable Ca and pH were stronger at Melaleuca

than at Bulli. Total phosphorus and organic matter were much more highly correlated

with floristic composition at Bulli than at Melaleuca.

Gradient Responses

There was a significant interaction between soil phosphorus and location in the dis-

tributional models for 12 out of the 13 species examined (Table 4). Thus, with the excep-

tion of Lepidosperma filforme, a species' response to the soil phosphorus gradient varied

with location. The full models accounted for between 27 and 85% of the total deviance in

the null model (Table 4) , suggesting that factors other than soil phosphorus and location
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influence abundance, at least in some species. There were not sufficient data to examine
other factors.
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Fig 4: Mean height (a) and cover (b) with standard errors for each of shrub and ground strata in thicket along

drainage lines at Bulli (open bars) and Melaleuca (solid bars)

.
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Fig 5: Mean height (a) and cover (b) with standard errors for each of shrub and ground strata in dense heath in

seepage zones at Bulli (open bars) and Melaleuca (solid bars)
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Shrub Ground
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Fig 6: Mean height (a) and cover (b) with standard errors for each ofshrub and ground strata in open sedgeland-
heath on drier slopes at Bulli (open and hatched bars) and Melaleuca (solid bars)
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Fig 7: Mean rnonthh minimum and maximum temperatures for Lucas Heights near Bulli study area (unbroken
line; and Melaleuca (broken line).
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Fig 8: Mean monthly precipitation for Maddens Plains in Bulli study area (open bars, mean annual total

1546 mm) and Melaleuca (solid bars, mean annual total 2212 mm)

.

Discussion

Similarities and differences

Similarities between the geographically separated moorlands were limited. Of all

the characteristics examined, there was greatest convergence in vegetation structure.

Although there were a number of statistically significant differences in height and cover

of various components, these differences were generally small in magnitude (Figs. 4-6).

Some of these structural differences may relate to differences in fire history. Floristic simi-

larities were limited, contrary to the remarks of Davis (1941) , although some of the small

number of shared species were visually conspicuous (e.g. Gymnoschoenus sphaerocephalus,

Melaleuca squarrosa). The pattern of shared taxa reflects in part the intermittent isolation

of Tasmania from the Australian mainland as a consequence of climatic fluctuation dur-

ing the past million years (Barlow, 1981) . Neither do the data support Davis' (1941) con-

tention that Melaleuca moorlands are floristically richer than those at Bulli. In fact, the

reverse is true, even though Australian moorlands reach their greatest spatial develop-

ment in Tasmania (Jarman et al, 1988)

.

There were substantial differences in climate, landscape and some soil characteris-

tics between moorlands at the two locations. Nonetheless, ordination of combined data

suggests that there may be analogous floristic trends in relation to a local environmental

gradient (Fig. 2). Correlations between floristic vectors and certain soil variables at both

locations (Table 3) support this interpretation. The apparent commonality of gradients

may reflect similarity in processes that influence the distribution and abundance of plant

species at each locality. Dynamic soil gradients and recurring fires have both been impli-

cated as driving forces in vegetation dynamics of moorlands and heathlands in Tasmania
(Jackson, 1968; Brown and Podger, 1982; Bowman et al, 1986) and the central coast of

New South Wales (Siddiqi et al. 1976a,b; Keith 1991; Keith 1994b, Keith and Bradstock

1994).
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While differences in gradient responses between species within regions have previ-

ously been reported (e.g. Austin et al., 1983), the possibility that differences may exist

within species between regions has received little attention from community ecologists.

Even though similar environmental gradients appear to regulate the composition ofvege-

tation at Bulli and Melaleuca, the response ofany given species to these gradients may not

be the same at different locations (Table 4) . The statistical analyses are supported by the

observation that some other species are represented exclusively in different habitats at

each location (e.g. Banksia marginata, Bauera rubioides) . There may be several explanations

for such phenomena: genetic variability within species that affect their physiological

range of tolerance (e.g. Hamerick 1983); physiological interactions within plants such

that the level of one resource factor affects utilisation or tolerance of another (Tilman

1982); and ecological interactions between species such that a species' local distribution

and abundance depends on the presence or absence of its competitors and predators

(Connelll975).

Table 4:

Logit-linear models ofspecies occurrence in relation to soilphosphorus (P) and location (L).

Right-hand column indicates significance ofinteraction term (P.L).

Change in Deviance P

Model: Null +P+L+P.L -P.L

Degrees offreedom: 51 9 5

Boronia paruiflora 703.3 314.8 70.6 <0.001

Cassytha glabella 806.2 420.0 39.4 <0.001

Drosera binata 506.4 138.6 79.7 <0.001

Empodisma minus 1068.7 296.0 117.7 <0.001

Epacris obtusifolia 842.7 277.3 17.6 <0.01

Gymnoschoenus sphaerocephalus 1057.6 695.4 15.0 <0.01

Lepidospermafiliforme 663.8 561.1 7.9 ns

Leptocarpus tenax 1157.0 615.6 100.1 <0.001

Lycopodium laterale 574.0 266.4 47.8 <0.001

Restio complanatus 1020.5 352.1 56.3 <0.001

Selaginella uliginosa 601.0 292.1 52.6 <0.001

Sprengelia incarnata 1334.2 728.9 116.3 <0.001

Xyris operculata 1092.8 339.2 44.6 <0.001

Implicationsfar use ofsmall-scale maps and classifications

The high level of variability in moorland vegetation and its environment between,

relative to within, the two locations examined in this study highlights the limitations of

using intuitively defined, broad-scale classifications and maps in conservation assess-

ments. The accuracy of such assessments depends on the extent to which representation

of classification units in reserves reflects representation of species and their assemblages,

since these are the primary objects of conservation goals. The strength of this relation-

ship, in turn, depends on heterogeneity within classification units, which is inversely

related to scale (Bedward et al, 1992) . The intuitive method by which broad-scale units of

classification and map are defined also reflects upon their reliability, although this effect

is difficult to quantify because of its subjective nature.

The results for geographically separated moorlands show that similarities in vegeta-

tion structure and shared occurrences of conspicuous species do not necessarily reflect

similarities in other features ofvegetation, most notably overall floristic composition. The
reliability of units of classification and mapping defined on this basis is therefore limited

for certain uses.
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Several studies in Australia have attempted to assess conservation needs and priori-

ties using intuitively defined, broad-scale classifications (e.g. Specht et al, 1974; Benson,

1989; Resource Assessment Commission, 1992). The moorland example suggests that

such assessments should be used cautiously. A high proportion of the total moorland in

Australia could be reserved in the southern part of its range, but many moorland species

and gradient patterns would not be represented unless reserves also sampled other parts

of moorland distribution. Indeed, the results of the floristic analyses suggest that better

representation might be achieved if Bulli moorland and woodland were lumped together

and distinguished from Melaleuca moorland, than if the two moorlands were grouped
within one unit and distinguished from Bulli woodland.

Nonetheless, classifications and maps will remain principal tools for conservation

planning. They offer an essential means of simplifying complex spatial patterns in biodi-

versity and the conservation of species assemblages is a recognized goal in itself (WRI,

IUCN and UNEP, 1992). It is the techniques of classification and mapping (intuitive cf.

quantitative methods) and the scale ofapplication that require more attention than previ-

ously received in conservation planning exercises. The example examined here is

extreme because of the large distance between study sites, but it raises a broader question

about the nature of heterogeneity in broad-scale classification units. What is the relation-

ship between heterogeneity and distance between stands?

The extent to which heterogeneity is predictable through spatial autocorrelation

remains a crucial issue that requires resolution (Sokal and Oden, 1978). If distance rela-

tionships account for much of the heterogeneity in broad-scale classification units, then

conservation planning strategies would be more likely to achieve their goals if they incor-

porated some form of regional partitioning to ensure that units were represented

throughout their distributional range (e.g. Hickey and Brown, 1989; Brown and Hickey,

1990) . Ifheterogeneity within broad-scale classification units is mostly independent of dis-

tance, their usefulness in conservation planning may be very limited and efforts would be
focussed more productively at finer scales in smaller regions. New statistical methods in

spatial autocorrelation offer a means to achieve greater understanding of heterogeneity

in ecosystems and its effect on widely used tools for conservation planning (Legendre and
Fortin, 1989).
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